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INTRODUCTION 

Coal i s  dehydrogenated below 400°C by a number o f  ca ta l ys ts .  Mazumdar e t  
obtained up t o  50% rgm9val o f  hydrogen w i t h  su l fu r ,  i od ine  and benzoquinone as cata- 
l y s t s .  Reggel e t  a1 used pal ladium c a t a l y s t  supported on CaCO and phenanthridine 
so lvent  t o  dehydrogenate coals. The hydrogen i s  reported to80r ig?nate p r i m a r i l y  
from t h e  hydroaromatic por t ions  o f  the  coal .  Mazumdar e t  a1 reported on the  
py ro l ys i s  a t  60OOC o f  coal dehydrogenated by s u l f u r .  The coals show an increased 
y i e l d  o f  char and a corresponding decrease i n  t a r  y i e l d s .  Untreated coa ls  show a 
dependence o f  t a r  y i e l d  on the  f r a c t i o n  of  hydroaromatic s t ruc tu res  i n  the  coa ls .  
The decreased t a r  y i e l d s  i n  dehydrogenated coals was a t t r i b u t e d  t o  the  des t ruc t i on  
o f  hydroaromatic u n i t s  dur ing  dehydrogenation. 
although the  hydroaromatic groups may be the  major source o f  hydrogen. 

ca ta l ys ts  . 
o f  t he  mechanism o f  c a t a l y t i c  hydrogenation anqoof the  proper t ies  o f  coal  i m -  
pregnated w i t h  metal s a l t s .  A previous repo r t  presented some p y r o l y s i s  r e s u l t s .  
Coals impregnated w i t h  z inc  ha l ides  and stannous ch lo r i de  were found t o  y i e l d  l e s s  
hydrocarbon gases and t a r  dur ing  low-temperature py ro l ys i s .  The p o s s i b i l i t y  t h a t  
the  supression o f  t a r  evo lu t i on  was caused by des t ruc t i on  o f  hydroaromatic groups 
lead t o  the  present study o f  the dehydrogenation o f  coal by z inc  ch lo r i de .  

Other process a re  probably involved, 

Zincghal ides and stannous c h l o r i d e  are known t o  be a f f e c t i v e  coal hydrogenation 
Their  capac i ty  t o  r a p i d l y  hydrogenate coal has s t imu la ted  the  study 

EXPERIMENTAL 
10 Hiawatha, Utah coal was impregnated w i t h  z inc  ch lo r i de  as prev ious ly  descr ibed 

The ana lys is  o f  Hiawatha coal  i s  shown i n  Table I .  

Table I .  Analysis o f  Hiawatha Coal 

% Ash 4.1 % C  79.5 
% V .  M. 43.1 
% F. C. 52.8 
Heating value 14,100 Btu / lb .  

% H  5.2 
% N  1.6 

0.6 
13.4 

% S  
% O  
% 0 (d i f f e rence )  13.1 

Six gram samples were heated a t  5"C/min under a n i t rogen f low.  Evolved gases were 
;ampled a t  5OoC i n t e r v a l s  and analyzed by gas chromatography. Hydrogen was de ter -  
mined using argon c a r r i e r  gas, a molecular s ieve column and a thermal conduc t i v i t y  
l e t e c t o r  operat ing a t  25°C and low br idge currents.  
i r i o r  t o  ana lys is  w i t h  a l i q u i d  n i t rogen  t rap .  
Yive y i e l d s  o f  hydrogen b u t  on l y  r e l a t i v e  y ie lds .  

.;ethod o f  Reggel e t  a1 
,l% Pd) and 3.5 grams o f  phenanthr id ine were re f l uxed  a t  345°C f o r  12 hours. 

Hydrocarbon gases were removed 
This method does no t  g i v e  quant i ta -  

Coal and impregna5mJ coal samples were dehydrogenated by pal ladium a f t e r  t he  

The 
. One quar te r  gram o f  coal ,  0.3 grams o f  c a t a l y s t  
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volume o f  evolved gas was measured and the  gases analyzed t o  determine the y i e l d  
o f  hydrogen. 

RESULTS AND DISCUSSION 

The weight l o s s  and hydrogen evo lu t i on  dur ing  py ro l ys i s  o f  coal and coal  i m -  
pregnated w i t h  12% by weight ZnCl 
evo lu t i on  occur r ing  above 3OO0C, & t h  a maximum a t  about 600OC. 
ZnCl , t h e  i n i t i a l  hydrogen evo lu t ion  i s  s h i f t e d  t o  200°C and two maxima appear. 
S ign?f ican t  amounts o f  molecular hydrogen are evolved below 400°C wh i l e  the  
e v o l u t i o n  o f  hydrogen a t  h igher temperatures i s  unaffected. The impregnated coal 
a lso  shows a decrease i n  weight l oss  above 400°C compared t o  the  unimpregnated 
coal. 

Results from the  c a t a l y t i c  dehydrogenation w i t h  Pd a re  shown i n  Table 11. 

are shown i n  Figure 1. The coal shows hydrogen 
I n  t h e  presence o f  

Table 11. Dehydrogenation w i t h  Palladium Cata lys t  

Sample H2 evolved 
ml/gm coal  a t  STP % H2 evolved 

Hiawatha coal 
12% ZnC12/H coal  
12% ZnC12/H coal 
(w i thout  pd c a t a l y s t )  
200°C Residue from 
p y r o l y s i s  o f  12% ZnCl 2/H coal 
400°C Residue from 
p y r o l y s i s  o f  H coal  
400°C Residue from 
p y r o l y s i s  o f  12% ZnC12/coal 

31 1 
356 

24 3 

353 

140 

281 

44.0 
50.4 

34.4 

50.0 

--  
-- 

Hiawatha coal shows dehydrogenation t o  the  ex ten t  o f  311 cc/g, corresponding t o  
44.0% o f  the o r i g i n a l  hydrogen. 
add i t i ona l  dehydrogenation, wh i l e  the impregnated coal  shows s i 6 n i f i c a n t  dehydro- 
genat ion under the  experimental cond i t ions  w i thout  Pd present.  
coal  heated t o  2OOOC and then cooled p r i o r  t o  dehydrogenation shows no difference 
from an unheated sample. 
a f f e c t  below 200OC. An impregnated coal heated t o  400°C p r i o r  t o  dehydrogenation 
shows l e s s  hydrogen evo lu t i on  than an unheated sample, bu t  s i g n i f i c a n t l y  more 
than an unimpregnated coa l  heated under t h e  same cond i t ions .  

aromatic groups. 
destroyed dur ing the  e a r l y  stages o f  py ro l ys i s .  The coal  sample heated t o  400°C 
shows on ly  about 45% as much hydrogen ava i l ab le  f o r  removal by Pd as compared t o  
an unheated coal .  When hydroaromatic i j t r uc tu res  i n  coal  are removed p r i o r  t o  
heating, the y i e l d  o f  t a r  i s  decreased . These experiments i nd i ca te  t h a t  ZnCl 
has the  property o f  dehydrogenating coal below 400°C. 
experiments w i t h  Pd i n d i c a t e  t h a t  some o f  the  hydrogen comes from hydroaromatic 
groups i n  the coal .  An impregnated sample heated t o  400°C i s  a l t e red  i n  such 
a way t h a t  t a r  y i e l d s  a t  temperatures above 400°C are  reduced, bu t  t h e  sample s t i l l  
contains near ly a l l  the hydrogen t h a t  can be removed w i t h  Pd ca ta l ys t .  The same 
behavior on py ro l ys i s  i s  noted w i t h  coals impregnated w i t h  ZnBr , ZnI and 
SnC12'2H20, a l l  o f  which show c a t a l y t i c  hydrogenation a b i l i t y .  *A com6arison o f  

When impregnated with 12% ZnCl , the coal shows 

An impregnated 

This i s  t o  be expected since py ro l ys i s  r e s u l t s  show no 

Palladium i s  thought t o  be a s p e c i f i c  c a t a l y s t  f o r  t he  dehydrat ion of hydro- 
The hydroaromatic groups i n  coal  a r e  evolved as t a r  o r  otherwise 

The c a t a l y t i c  dehydrogegation 
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metal ch lor ides  and metal s u l f a t e s ,  i nd ica t e s  l i t t l e  dehydrogenation a c t i v i t y  by 
I the su l f a t e s  although some s u l f a t e s  a r e  reported t o  be good coal hydrogenation 
\’ c a t a l y s t s  i n  longer-residence-time r eac to r s .  

The mechanism of c a t a l y t i c  dehydrogenation o f  coal by ZnC12 is no t  c l e a r .  The 
mechanism i s  d i f f e r e n t  than i n  the case  o f  dehydrogenation w i t h  sulfur s ince  molec- 

Zinc ch lor ide  i s  a l t e r ed  when impregnated on coal sur faces  and heated . The 
nature o f  the compound formed between coal and ZnC12 and the mechanism of r eac t ion  
a r e  being s tudied .  

\ u la r  hydrogen is  produced. No so lvent  i s  required f o r  dehydrogenatioTlwith ZnC12. 
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FIGURE 1 .  WEIGHT LOSS AN0 HYDROGEN EVOLUTION DURING PYROLYSIS OF 
HIAWATHA COAL AND HIAWATHA COAL IMPREGNATED WITH 1 2 %  ZnC12. 
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